Blood distribution in the systemic circulation of bony fishes is effected by a dualistic construction o f the vascula ture: A secondary arterial system originates from the well known (primary) arteries by multiple root-like shunt vessels. These secondary arteries and the vessels they supply should no longer be regarded as lymphatics. After an intensive search for unequivocally lymphatic vessels in fish, it ap pears doubtful whether there are any at all in this class of vertebrates.
In 1927/29 R. H. Burne described "fine" ves sels around systemic arteries in teleostean fishes. These vessels seemed to em brace the main arteries with fingerlike projections and were found to join eventually the peripheral lym phatic system [1, 2] . Burne has shown that his "fine" vessels should histologically be classified as small arteries. In spite of careful studies, however, it was only in the gill region o f the cod that he was able to find a narrow connection between the arterial system proper and the system o f "fine" vessels. Consequently he re garded the "fine" vessels as afferent lymphatics. Giacom ini [3] also described the secondary vessels as lymphatics which were fed by num erous "glomeruli vasali" . These earlier results seem to have been too unusual to be integrated into a consistent picture of the systemic circulation o f fish. Interpretation of the secondary vessels as lym phatics may have been another reason why these vessels are no longer mentioned in recent reviews concerning the vascular system of fishes.
While examining vascular corrosion casts [4] of vari ous holostean and teleostean fish (Amia calva, Lepisosteus osseus, Salmo gairdneri, Tinea tinea, Osphronemus goramy), Burne's " fine" vessels have been redis covered: In all species studied, one or two small arterial vessels regularly parallel the dorsal aorta, segmental arteries and arteries in the head, tail and fins. They have not been found in the brain or intestines. In addition, scanning electron microscopic inspection of the vascular casts and of the luminal surface of corresponding vessels in tissue blocks [5] revealed that the small accompanying vessels origi nate by multiple root-like shunts (arterio-arterial anastomoses) from all neighbouring prim ary ar teries (Fig. 1 a, b) . In effect they form a secondary vessel system which constitutes a considerable part of the blood vascular system in fish.
In our casts the diam eter of the arterio-arterial shunt vessels is fairly constant (1 0 -1 4 |im ). Their origin on the lum inal side of segmental arteries is marked by endothelial cells with large tentacular microvilli. These cells occupy the initial part of the shunt vessel as well as the adjacent wall of the segmental artery im m ediately upstream of the shunt's origin ( Fig. 1 b) .
The endothelial microvilli ( Fig. 1 c) may take up inform ation on rheological, osmotic an d /o r chemical properties of the blood in the prim ary arterial system and elicit appropriate adjustments of the luminal diam eter of the shunt vessels. But the microvilli could also be involved mechanically in plasma skimming at the origin of the shunts. Plasma skimming is to be expected here, at least in stress situations, as the secondary vessels are often devoid of red blood cells in histological preparations. On the other hand, white blood cells, travelling in the marginal stream of the prim ary arteries, m ight be trapped between the microvilli and guided pre ferentially into the secondary vessels. Such a m echa nism could be most useful after infections or trau matic peripheral lesions. It remains to be studied which of the possible functions of the endothelial microvilli is effective under physiological conditions.
Arterio-arterial shunts with essentially the same pattern of endothelial specialization are also present in trout gills at the origin of the central filament arteries (From m 's arteries) [6] . A pparently a du alistic arterial system of ordinary (prim ary) arterial vessels and secondary arteries originating from the primary ones via m ultiple m inute shunts is a general principle of the circulatory system of many if not all fish.
According to Burne's observation [1, 2] the second ary vessels supply mainly the oral mucous m em brane and the skin. Thus fish are probably able to regulate blood flow in these areas independently of blood perfusion of muscles by their systemic arterioarterial shunts. The secondary vascular system might therefore well be involved in im m ediate adaptive responses of euryhaline fish under osmotic stress. The degree of effective cutaneous respiration [7] might also be altered by active variation o f skin perfusion. Finally, blood redistribution and plasma skimming at the origin of the secondary vascular system may contribute to changes in hem atocrit re ported during exercise [8] .
The relative volume of the blood space attributed to the primary and to the secondary arterial system is not known. At any rate, when analysing various blood param eters in fish, the possibility should be kept in mind that a fairly large com partm ent o f the vasculature could for some tim e be cut off from the main circulatory pathways.
In the gills the m ain function of the central Fila ment arteries is to supply blood to the central venous sinus (CVS) of each gill filament. Interestingly, the CVS had for some tim e been regarded as a lym phatic vessel, too [9, 10] . In fact, its wall structure and also its irregular outline in many Fish is quite sim ilar to lymphatics in higher vertebrates. F urther more, when exam ined histologically, the CVS is usually free of red blood cells. However, in view of direct shunts between filam ent arteries and the CVS in many Fish and of blood supply to the CVS via central Filament arteries, there can be no doubt that the CVS is to be classiFied as a venous vessel [11] [12] [13] , Absence of red blood cells in the CVS might also be due to plasm a skimming. As in the systemic circulation, the degree of such skimming is probably regulated by the specialized endothelial cells governing the inflow into the shunt vessels.
In spite of a vast amount of literature on lymphatics in fish [14, 15] some doubt concerning their very existence has always lingered [16, 17] . This applies even to intestinal lymphatics [18] which have been claimed to be proved in teleosts [19] . The large longitudinal vessels below the m edian fins as well as the large lateral subcutaneous vessels, traditionally regarded as typical lymphatics in fish [20] are also occasionally filled in our casts. Therefore they too may be venous vessels rather than lymphatics.
Unfortunately, histological and ultrastructural features useful to discrim inate lym phatics from venous vessels in higher vertebrates [21] are also found in venous vessels of teleosts [22] . Similarly, due to a high capillary perm eability in fish [23] , uptake of coloured substances injected into the interstitial space will not allow to differentiate re liably between blood capillaries or venous blood sinus and potential lymphatics in fish. Thus only the im m ediate origin of a vessel in the tissue, without any connection to the arterial system, may be ac cepted as proof for its lymphatic nature. So far we have not been able to find any such vessel in teleosts.
In the evolution of vertebrates, lymphatics may have developed later than assumed so far. Perhaps in am phibia they originally functioned in fluid ab sorption in the intestines and the skin during early adaptation for land life. But only when circulatory systems with high blood pressure developed, lym phatics became indispensable as an additionsl drain ing device for tissue fluids.
